Background: Fetal Alcohol Spectrum Disorder (FASD) is a group of disorders caused by prenatal alcohol exposure. From this group, Fetal Alcohol Syndrome (FAS) is the only disorder coded in the International Classification of Diseases, version 10 (ICD-10). This coding was used to gain an understanding on the health care utilization and the mortality rate for individuals diagnosed with FAS, as well as to estimate the associated health care costs in Canada for the most recent available fiscal year (2008)(2009).
Introduction
Maternal alcohol consumption during pregnancy is an established cause of Fetal Alcohol Spectrum Disorder (FASD), a group of disorders where alcohol exposure causes congenital damage to the central nervous system and other systems and organs of the fetus that subsequently leads to a number of adverse health consequences. FASD is a non-diagnostic umbrella term that covers several alcohol-related medical diagnoses, including: Fetal Alcohol Syndrome (FAS), Partial Fetal Alcohol Syndrome (pFAS), AlcoholRelated Neurodevelopmental Disorder (ARND), and AlcoholRelated Birth Defects (ARBD).
FASD is associated with a vast number and wide range of health conditions [1] [2] [3] [4] [5] [6] [7] and an increased mortality rate, as compared to the general population [1, 3, 6, 7] . As a result of the increased morbidity, FASD is a substantial burden to society in relation to the health care costs involved in caring for affected individuals.
In a recent review conducted by the authors of this study [8, 9] , it was found that there are only a few studies that have assessed the economic impact of FAS/FASD in Canada [10] [11] [12] and the US [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Health care-specific FAS/FASD cost estimates have been done for Sweden [25] , South Africa [26] and the US [27] only. Brief estimates that have included health care as a cost driver have also been completed for the Atlantic provinces of Canada [28] and various states in the US [29] [30] [31] [32] [33] , as well as the US as a whole [34] .
In 1996-1997, for the State of North Dakota in the US, Klug and Burd [35] estimated that the prevention of one case of FAS each year for 10 years would result in outpatient and inpatient health care costs savings of $129 thousand US dollars (USD), and the prevention of one case each year for 20 years would decrease these expenditures by $492 thousand USD.
Despite the few existing Canadian FASD cost studies, performed on an individual level with a cross-sectional study design [10, 11] , very little is known about the utilization of health care services by individuals with FAS and the associated costs in Canada. As the prevalence/incidence of FAS in Canada remains uncertain, establishing the burden of health care and economic cost for FAS is challenging.
The purpose of this study was to determine the utilization of health care by individuals diagnosed with FAS and to estimate the associated direct cost in Canada for the most recent available fiscal year (2008) (2009) ) by using official medical data collected by Canadian Institute for Health Information (CIHI) across Canada.
Given that FAS is the only FASD-related diagnosis coded in the International Classification of Diseases (ICD): in the ICD, Version 9, clinical modification (ICD-9-CM), Alcohol affecting foetus or newborn via placenta or breast milk 760.71, and in the ICD, Version 10 (ICD-10), Fetal alcohol syndrome (dysmorphic) Q86.0, it is the only FASDrelated diagnosis that can be extracted from health records/ databases.
Mortality data were also sought in order to further the understanding of the mortality rate in FAS-affected individuals.
Methods

Ethics Statement
Not applicable.
Sources of Health Care Utilization Data
Health care utilization data of individuals diagnosed with FAS were obtained from CIHI (http://www.cihi.ca). CIHI is a government funded non-profit agency that collects, consolidates and provides unbiased, credible and comparable Canadian health care information. CIHI manages a large number of Canadian health databases, and receives information/data from the Canadian government, as well as Canadian hospitals.
There can be up to 25 diagnoses recorded on a patient's medical chart in Canada. The most responsible diagnosis (MRD) is defined as the single diagnosis that describes the most significant condition of the patient that is responsible for his or her stay in hospital. In a case where multiple diagnoses may be classified as the MRD, coders are instructed to code the diagnosis responsible for the greatest length of stay.
The Acute inpatient care. The DAD contains the number of acute care hospitalizations and hospital days for all provinces/ territories, whereas the HMDB contains adult inpatient data for Quebec only.
Psychiatric care. The DAD contains the number of psychiatric hospitalizations and hospital days for all provinces/ territories, except for the province of Ontario. Adult inpatient mental health services, as either acute or psychiatric care, for the province of Ontario is available from OMHRS. The HMHDB contains data from five specialty psychiatric facilities (from Manitoba, Saskatchewan and Prince Edward Island) that do not report to the DAD.
Day surgery. The DAD contains the number of day surgery hospitalizations and number of hours for all provinces/territories, except for Ontario, Quebec, Alberta and a small part of Nova Scotia, while the NACRS contains day surgery data for Ontario and a small part of Nova Scotia. Thus, day surgery data represents all provinces/territories except for Alberta and Quebec.
Emergency department. The NACRS contains the number of emergency department visits and the number of hours for Ontario only.
It is important to note that each hospitalization does not represent a separate case of FAS, as one case can be counted multiple times (once per visit).
Sources of Cost Data
The average cost per day at acute care and psychiatric hospitals and the average cost per hospitalization for day surgery and emergency department visits by province/territory, as well as for all of Canada were estimated by CIHI upon the request of the authors using data from the Canadian MIS Database (CMDB) for [2008] [2009] (Table 1) .
Cost Calculations
The total cost of acute inpatient and psychiatric care in Canada for 2008-2009 was calculated by taking the average cost per day in Canada for acute inpatient and psychiatric care and multiplying the respective numbers by the number of hospital days associated with FAS in acute inpatient and psychiatric care, respectively.
In regard to the cost calculations for those FAS associated day surgery hospitalizations or emergency department visits, the average cost per visit for day surgery in Canada and the average cost per visit for emergency department in Ontario were multiplied by the number of hospitalizations in the respective categories.
It should be noted that CIHI suppresses cells with fewer than five cases for hospitalizations, hospital days, and/or visits in order to ensure the confidentiality of the data. In instances where there were fewer than five cases, a midpoint of 2.5 was imputed on those cells.
Sources of Morality Data
FAS mortality data were available from 2000 to 2008 and obtained from Statistics Canada by age group and gender [36] .
The health care utilization and cost data, presented in this paper, are available from CIHI upon request, at a cost to the requester. The health care utilization data were received at an aggregated level and were anonymous.
Anonymous mortality data were obtained from Statistics Canada, which are freely available from the following website: http://www5.statcan.gc.ca/cansim/a01?lang = eng.
Due to the anonymous and aggregated nature of the analyzed data, it was not necessary to consult an institutional review board in regard to the current study.
Results
The data by province/territory, as well as by gender was not possible to obtain from CIHI due to their privacy and confidentiality policies (cells with less than 5 cannot be reported in order to avoid residual disclosure of the identity of any of the parties involved). In addition, the search revealed that there were no cases with a diagnosis of FAS reported to the HMHDB.
Health Care Utilization Data
In regard to the number of recorded hospitalizations and number of hospital days/hours for acute care, psychiatric care, and emergency department visits, the highest utilization rate among individuals diagnosed with FAS was observed among those 15 to 29 years of age, the second highest rate was among those from birth to 14 years of age ( Table 2) .
The rate of utilization dropped substantially in the age group 45 to 59, and after age 60 plus there were zero recorded cases for all levels of care, except for acute care hospitalizations.
The pattern is somewhat different for day surgery, where the highest utilization rate was in the age group from birth to 14 years of age, followed by the age group 15 to 29.
Acute inpatient care had the highest rate of utilization across all age groups, compared to psychiatric care even though the MRDs were overrepresented by mental and behavioural disorders (as will be discussed below). Table 3 presents the percentage of records of the top MRDs among individuals diagnosed with FAS who used acute care, psychiatric care, day surgery, and emergency department services in Canada in [2008] [2009] . The list represents only 55% of all records with a diagnosis of FAS; the remaining 45% had MRDs where the percentage of records was negligible (i.e., ,0.5%).
Twenty-five out of the 34 MRDs listed (i.e., 74%) are coded within the major disease category Mental and Behavioural Disorders (F00-F99). As can be seen in table 3, the leading MRD was Adjustment Disorders, meaning that more than 6.9% of individuals (approximately 1 in 15) diagnosed with FAS were admitted to either acute care, psychiatric care, for day surgery or to the emergency department primarily due to this condition in [2008] [2009] .
Only 7% of individuals accounted for by the DAD, the HMDB and the NACRS had an MRD of FAS. Table 4 Table 2) .
The data from the current analysis were compared to data from a previous study completed by the current authors [37] , which used the same methodology -the number of hospitalizations and hospital days in acute care hospitals were obtained from CIHI and the associated cost due to morbidity attributable to FAS in Canada 
Discussion
Of the four categorical diagnostic entities of FASD, FAS was the only diagnosis in which official data on health care utilization could be obtained. Therefore, the burden and cost figures in the current study are limited to only the available diagnosed FAS cases that were listed in the diagnostic formulations for episodes of health care. In this regard, the likelihood that the burden and cost figures in this study are underestimates of the true cost impact of FAS on the health care system in Canada is probable and would increase if all FASD-related diagnoses were included. It is thought that FAS represents only 10-20% of cases of FASD [38, 39] , with ARND being the largest category of affected individuals by about three to four cases of ARND for every one case of FAS [40] . To further attest to this point, the authors of the current study recently compiled a list of more than 300 disease conditions associated with FASD (Popova et al., unpublished), which is not reflected in the data obtained.
Furthermore, given the fact that FAS is not widely recognized by health care practitioners, it is quite likely that for some of these cases, where the individual has been officially diagnosed previous to their contact with health care services in 2008-2009, FAS was not recorded in the medical chart if the precipitating event leading to care was not attributed to FAS. This again would result in an underestimate of the utilization and, in turn, the cost of health care, associated with FAS.
In order to estimate the error rate in capturing cost of care data for FAS due to inadequate diagnoses, we used the following assumptions: 1) the crude prevalence of FAS in Canada is 1 per 1,000 (0.1% [38] Therefore, the rate of hospitalization among the 33,730 people with FAS in Canada was about 2.3% during this time period. According to official data obtained from CIHI, the rate of acute care hospitalizations and emergency room visits among the general population of Canada was about 8.3% (2.8 million hospitalizations in acute care facilities) in 2008-2009 [42] . Therefore, the rate of acute care hospitalizations among individuals with FAS was 3.6 times lower than that of the general population of Canada. This is unrealistic, given that the rate of morbidity among individuals with FAS is much higher, compared to that of the general population, as mentioned above.
Using the most conservative assumption that the rate of utilization of people with FAS is the same as in the general population, the cost of acute care, psychiatric care, day surgery, and emergency department services would be 3.6 times greaterabout $24.0 million per year. Using the assumption that the rate of utilization among FAS individuals is as twice as high as that of the general population, the estimated cost of health care would double 2$48.0 million per year in Canada.
The FAS specific mortality data, obtained from Statistics Canada [36] , reported only six deaths attributable to FAS during the 9-year period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Some studies have reported that individuals with FASD have increased mortality rates as compared to the general population [1, 3, 6, 7] , which is not demonstrated in the official data obtained from Statistics Canada. It is likely that FASD mortality rates are underreported since mortality in newborns, infants and young children most commonly occur before a diagnosis of an FASD can be made, as well as the fact that underdiagnosis ultimately leads to the underreporting. Thus, the rates of attributable mortality are likely invalid and should be the focus of an effort to improve case identification by provincial/ territorial Medical Examiners across Canada. While it is not possible to accurately estimate the error rate in capturing cost of care data for FAS due to inadequate diagnoses, it is realistic to suggest that these costs represent a modest fraction of the actual cost of health care for FAS. Despite this limitation, the results of this study have confirmed that FAS is a significant burden to the already over-burdened health care system in Canada. Moreover, the results revealed that the burden and cost of acute care hospitalizations due to FAS is increasing 21. An important finding of the current study is that the vast majority of the MRDs among individuals with FAS fall within the ICD-10 category Mental and Behavioural Disorders (F00-F99). This finding highlights that there is a potential demand for psychiatric and psychological health care services in this population. It also stresses the need for prevention and early interventions to be implemented, in order to minimize the manifestation of such disorders in FASD-affected individuals.
This study draws attention to three main concerns in regard to FASD. First, there is an urgent need for increased capacity to provide prenatally alcohol exposed individuals with a proper diagnosis; second, doctors must be trained to both recognize, and diagnose the full range of FASD diagnoses; and third, a better recording system that will allow for the full range of FASD diagnoses to be recorded (i.e., an incorporation of the full range of FASD diagnoses to be coded in the ICD).
By improving the capture rate of FASD and by providing early and accurate diagnoses, efforts to prevent the secondary disabilities and decrease the health care utilization rate of individuals affected by prenatal alcohol exposure would be facilitated. In addition, early diagnosis has the potential to increase the use of substance abuse treatment for mothers and to prevent recurrent cases of FASD.
FASD is largely preventable. An understanding of the health care cost that is associated with this group of preventable disorders will hopefully enlighten policy and decision makers alike of the burden that FASD is on the Canadian health care system, as well as all of society. It is hoped that by informing these key players of the economic impact that FASD has on society, that funding and support for prevention initiatives will soon follow, with the ultimate result being a reduction in the economic burden of FASD.
It is important to point out that the health care cost associated with FASD is only one facet of a full and comprehensive cost estimate. Other components to consider, for example, but not limited to, are law enforcement, special education, social services, and indirect costs (productivity losses of FASD-affected individuals and their caregivers).
In conclusion, these cost figures, as a powerful argument, should not be misused for the further stigmatization of mothers with alcohol dependence, but rather, they should be used as a strong scientific evidence base demonstrating the cost of health care and utilization requirements for policy makers formulating policies on FASD. 
